A six-point programme for the prevention and pressure therapy of hypertrophic scarring started in 1975 at Odstock Hospital. The work reported here includes a pressure calibration of batches of the material chosen for pressure bandaging; a pressure study of the bandages on volunteers'Jimbs: and the formation of a pressure therapy clinic. The clinic results were similar to those reported by Thomson (1974) and were considered sufficiently favourable to justify continuing the clinic and instituting a policy of close review and early therapy for all burns patients. The programme proved the accuracy of the pressure sensor and attempted to develop an objective method of recording progress. Arguments for pressure versus occlusion as the therapeutic agent are discussed and supported by a case report. It is suggested that a controlled trial of pressure therapy should be carried out.
Introduction
This paper attempts to answer the following questions and identifies areas for further research. Does pressure therapy prevent hypertrophic scarring? How is it best applied? Can one predict which patients will develop it?
A treatment that reverses a disease process might be expected to prevent it if applied at the time of onset or before. Does pressure reverse established hypertrophic scarring? Evidence is inconclusive but clinical impression seems favourable. Some major centres have used compression for more than a decade (Fujimori et al. 1968 ). Unfortunately corroboration by controlled trial is difficult for three reasons: the inherent changeability of hypertrophic scarring; the difficultyofdocumenting it objectively; and, not least, the problems of measuring skin pressures produced by the splints or pressure garments used. Thomson (1974) reported that 72 out of 100 patients with established hypertrophic scarring treatedby compression (unmeasured) and occlusion improved. He used bandages and splints and concluded that occlusion as well as compression was a significant factor. Table 1 lists local physical factors which might influence healing. The first three constitute 'occlusion'. The first treatments may involve bandaging which must inevitably produce some occlusion whether or not this is intended. Isherwood et al. (1975) , using the forerunner of our 28 mm electropneumatic sensor, demonstrated the range of pressures produced under traditional and improved amputation stump bandaging. Experience with crepe bandaging suggests that appreciable pressures are produced. It is likely then that Thomson's patients were treated as he stated, i.e. by pressure as well as occlusion. However, Isherwood's results indicate the _variability of pressures produced by wrap bandaging. Robertson & Hodgson (1978) advocate routine pressure measurement without which they believe there is no guarantee of pressure on a part despite bandage conformation. This is especially true of concave areas. Failure to apply pressure may explain failure to achieve a satisfactory result. Too much pressure may cause skin breakdown. As Isherwood et al. (1975) found, pressure varies with the shape and hardness of a part. For these reasons Robertson & Hodgson (1978) ad vocate the use of a direct method ofmeasurement rather than relying on pressure garment manufacturers' calculations. Thomson questions whether pressure (compression) or occlusion is the main therapeutic factor. It may seem academic to distinguish between the two, since they will always coexist, but occlusion is easy to obtain, and if it is the major factor pressure could be dispensed with and the sub-variables of occlusion, temperature, humidity and light could be studied. Occlusion has been defined as the deliberate alteration of the passage of light, air, water or heat to and from the surface of the body. Pressure therapy implies the deliberate application of pressure in a controlled or measured manner, and it has been implicated as the more important factor (Larson et al. (974) .
The natural history ofthe onset of hypertrophy some weeks after healing, and after cessation of bandaging, raises the possibility that continued bandaging might prevent hypertrophy. Donor sites on limbs are bandaged in ideal circumstances and are uncommonly associated with hypertrophy, provided the graft taken is not of undue thickness, The possibility that bandaging and pressure might be an effective treatment of established hypertrophic scarring, and for prevention of incipient hypertrophy, led to the setting up of a pressure therapy programme.
Methods

Pressure measurement
Interface pressure measurement has two inherent difficulties: the sensor should be infinitely thin in order not to disturb the interface situation it is proposed to measure; and, if itis thin, it will be subject to distortion if the surfaces are non-planar. A widely used method of measuring interface pressure involves the electropneumatic principle and was originally developed by the American aviation industry in 1946 to measure interface pressures under G suits. Essentially, an empty flat capsule is connected with a manometer and a syringe. The fluid in the system is gently pressurized. The pressure at which it flows into the capsule must be that which is just greater than the external pressure on the capsule. If there are contacts in the walls of the capsule which are parted by the fluid then the resulting switch can operate a light indicator.
Since Isherwood et al. (1975) described their 28 mm sensor, the technique has been modified to allow for the effects ofdistortion on the sensor. The sensor is taped in position and baselines arc taken before and after test readings. If the baseline readings are constant then the sensor is applicable to the site concerned. If inconstant, then either the patient is moving or the sensor has not been taped in sufficient apposition or there is an airline obstruction. The 28 mm sensor will give consistent baselines on circumferences as small as that of an adult proximal interphalangeal joint, provided the joint is not flexed. -Isherwood et al. (1976) have discussed the importance of sensor size and a smaller sensor is being developed by the manufacturer (Talley Medical Equipment Ltd. Borehamwood, Herts).
Also available is a six-channel continuous reading apparatus utilizing the 28 mm sensor (Shaw 1979) .Thus prospective researchers can buy ready-made standardized apparatus which has already been widely used in related areas of investigation. The 28 mm sensor will work with an accuracy of ±2 mmHg under water loading over a range of 0-140. Two sensors on a biceps when pressurized by a sphygmomanometer cuff produced an average error of -3 mmHg and a correlation coefficient of 0.99, with a significance of P < 0.001. The cuff pressures were applied at random over a range of 0-130 mmHg. The sensor has been tested at different temperatures and under a variety of loadings and found to operate satisfactorily.
Calibration oftubular elastic bandages
Before deciding to use tubular elastic bandages (Tubigrip), three randomly chosen batch samples were calibrated for pressure when stretched to different circumferences on a range of 12 cylinders (10-81 em circumference). The pressures produced on the limbs of 9 volunteers were also measured. Both cylinder and limb calibrations included single and double layers of bandage and were conducted with the pressure sensor operators 'blind' with regard to size of bandage, batch and site. Standard sites on arms and legs included bony and prominent areas as well as soft areas. Volunteers included children and adults of different body types.
Pressure garments were made up from Tubigrip by hospital staff using methods similar to those described by Breckwoldt (1978) . 'Spot' measurements of pressure were taken routinely at sites of maximum hypertrophy.
Air 40 patients with post-burns hypertrophic scarring referred to the clinic during the first year were included in our series. They included patients with recent and long-established hypertrophic lesions. A punched card system and questionnaire facilitated history-taking and data handling. Allocation of patients to the arbitrarily chosen categories of progress was necessarily subjective, and was made by one observer (BH) after review of photographs, surgeons' progress notes, satisfaction of patient or relatives, and by comparison where possible with untreated areas. Patient compliance was encouraged by education which included the sight of photographs of untreated cases with poor cosmesis and deformity; it was assessed by inspection of used bandages and garments, all of which were returned by the patients. The difficulties of running the clinic precluded systematic documentation of compliance or measurement of reduction in deformity or improvement in joint movement.
Results
Bandage calibration
Calibration on cylinders indicated that pressure produced by the Tubigrip bandage was consistent irrespective of batch and of different sites under the same bandage. Pressures increased approximately two-fold when the bandage was doubled. On limbs pressures were consistently about one third lower, a result we attribute to the difference in hardness between the rigid metal cylinders and the limb. Doubling the bandage increased the pressure by an average of 1.9 times (range 1.4-2.4). Taking the pressures produced by single and double applications ofTubigrip on limbs (Table 2) , it is clear that an adequate range of pressures for therapeutic purposes can be achieved. Fuller details of this work may be obtained from Mr 0 Frost of Seton Products Ltd, Oldham. Table 3 shows age, sex and cause of burn in the first 40 patients, all of which appear similar for bums inpatients as a whole. The following factors were investigated, but none were found to be useful in predicting hypertrophic change: previous scars, fatness, skin colour, hair colour, eye colour, smoking, drugs, atopic trait, psoriatic diathesis. If one in three or four inpatients will hypertrophy, prediction may not be worthwhile. As a result of our first year's experience, a policy of close review and early pressure therapy of any signs of possible hypertrophy has been introduced. During the first nine months of our second year, 76 patients have started pressure therapy, nearly all being referred from the burns unit. This suggests that more than half of our inpatients will develop some signs of hypertrophy. Table 4 records details of the garments supplied under this policy, 56% being made up from one-way stretch Tubigrip and the rest from two-way stretch lycra. At one year follow up, 27 patients were considered to have had a good response, 4 a partial response, 6 showed no change and 3 were lost to follow up, one by murder. Our experience confirms Thomson's view that pain and pruritus are helped and that response occurs over a week.
Clinicalfindings
The 40 patients averaged 3.5 burns each: 57joints were at risk of complication, of which 17 were 'compromised', usually by a contracture limiting range of movement. In 36 patients the percentage of bodysurface burnt was estimated. In II it was lessthan 5%,in IS it was-between 6 and 20%, in 5 it was between 21 and 40%,and in 3 over 40%. In the 40 patients the face was involved 17times, scalp 9, neck 17,trunk excludingaxillae 38, the axillae 14,hands 16and legs 29. Thus the head and hands were involved 42 times; burns involving these sites were found to be the most difficult to treat, especially in children. Burns often covered more than one anatomical area, and one area had more than one burn in some patients: hence the apparent discrepancy in figures..
Case report
This patient (Figure l) was deteriorating despite inpatient physiotherapy. Pressure therapy consisted of a Tubigrip vest applying 5-10 mmHg to the band of scar tissue as it crossed the anterior axillary fold. Figure 2 shows the response measured in terms of change in arm reach. After fivedays of wearing the vest he gained 3.25 em. Skin breaks occurred and after leaving the vest ofT for eight days his extension deteriorated by 9.25 em. Two weeks after restarting therapy he had gained 12.5em. This start-stop-start response is consistent with the vest being the therapeutic agent. When he was not wearing the vest the skin was covered by clothes and a dressing, suggesting that occlusion was not the main factor. This man obtained full arm reach with one Z-plasty after nine months and has not relapsed.
Discussion
Pressure therapy inevitably produces occlusion. When given for established or developing hypertrophy it seems, on the basis of Thomson's (1974) series and our own, to be helpful in 70%of cases. Whether occlusionor pressure is the main factor is still uncertain; perhaps both are required. Pressure does seem to be the main factor in preventing ear-lobe keloids after earring piercing, and in treating developing keloids, as has been elegantly shown by Brent (1978) and by Trengrove-Jones (unpublished), but until occlusion with measured minimal or no pressure is compared with occlusion with higher pressure, opinion must be reserved. Howdoes pressure with occlusionwork? Kemble (1976) found that, like steroids, it hastened the histological appearance of normal scar maturation. No systematic comparison of the two therapies has, to our knowledge, been made. Perhaps in resistant cases, or where pressure therapy cannot be given adequately, combined therapy with topical steroids should be tried.
Our experience suggests that pressure therapy should be applied by a technique which minimises tourniquet effects and sharp changes in pressure sufficient to cause shearing. The technique should produce enough pressure to be effectivebut not enough to occludecapillaries or veins. The fit must allow easy dressing and normal function, and yet be tight enough not to allow chafing. The device must be comfortable enough to wear for months and must launder well. Fabric should be hypo-allergenic. Therapy should start as soon as hypertrophic change becomes evident. Garments should not be taken off for more than 15 minutes in every 24 hours, and should be worn for some months after hypertrophy has been controlled. Garments should be retained in case of relapse when they should be reused promptly.
Improvements in pressure therapy, particularly for areas such as the face, hands and thorax, may depend on the use of pressure applicators. Isherwood et al. (1975) have shown how such devices may improve the pressure characteristics of bandages on amputation stumps. We have begun to use a variety of ready-made flaccid PVC air bags under garments. Vacuum moulded applicators which fit precisely tend to become dislodged. Even if they do not, they will ride on the normal areas as the lesionsstart to flatten and so fail to maintain pressure even if they continue to 'occlude'. We have not been impressed by vacuum mouldings. PVC bags of the kind pioneered by Isherwood et al. (1975) are easy to position and tend to-stay in place by 'stuction', This may have the advantage of reducing chafing since the bandage can slide over the bag which does not move on the skin. (1976) say that a pressure of 24 mmHg is necessary in order to exceed the inherent capillary pressure and produce blanching, although Lewis (1927) showed that blanching was due to expulsionofblood from the sUbpapillaryvenousplexus. Crassweller et al. (1952) , in studies of pressure under closed burn dressings, found that they averaged 20 mmHg when applied, but fell to 7 mmHg over 24 hours. Lehmann et al. (1954) advocated 10-30 mmHg applied by means of a pneumatic jacket for the therapy of skin grafting, bums and thrombophlebitis. In animal work, Rossiter (1944) and Cameron et al. (1945) used pressures of 10mmHg and 5-7 mmHg respectivelyfor immediate application, while Wolfeet al. (1962) used 18mmHg. Alrich & Lehmann (1944) used pressures of 4-70 mmHg and found that early application improved their animals' general response to the bum. We have had good results from as little as 4 mmHg and often find 25 mmHg difficult to obtain.
Pressure therapy, or more correctly compression with occlusion, is widely used with apparent success. It has a considerable failure rate as judged by Thomson's (I 974) and our own series. Further research must include a prospective randomized trial of measured pressure therapy in the prevention of hypertrophy. It might be ethically wrong to perform such a trial on established hypertrophy. Ready-made garments and pressure applicators used by skilled prescribers able to measure the pressure generated seems an ideal system, used either prophylactically or when the earliest signs of hypertrophy become apparent. However, before such a trial can proceed some method of objectively recording hypertrophic change must be developed and proven. Ultrasound and Moire fringe techniques are of interest in this respect.
